Background. The 2011 Tshwane Declaration for the Promotion of Breastfeeding in South Africa ended the country's longstanding support for promoting either exclusive breastfeeding (EBF) or exclusive formula feeding for HIV-positive mothers. However, South Africa's EBF rate is only 32%. Objectives. To describe multilevel factors associated with different infant feeding practices among HIV-positive and negative mothers of infants aged <6 months in an HIV-endemic community. Methods. A cross-sectional survey was administered to 298 HIV-positive and negative mothers accessing care in one of five community health clinics in Soweto, Johannesburg, between September 2015 and May 2016. Infant feeding practices and associated factors were explored through descriptive and multivariate analysis. Results. Excluding HIV-positive mothers who chose formula feeding (n=97), breastfeeding initiation was almost universal (99.5%). Caesarean section (CS) was the most common reason mothers delayed breastfeeding. HIV-positive mothers were significantly more likely to report prolonged EBF (and formula feeding) practices than their HIV-negative counterparts. Breastfeeding mothers were significantly more likely to be unemployed than mothers who formula fed. Mixed feeding was common. Conclusions. EBF remains strongly associated with HIV status as opposed to infant health and development. Breastfeeding support for working mothers is needed. While breastfeeding increased following the Declaration, more should be done in the health setting to communicate the risks of mixed feeding in the first 6 months. The high rate of CSs reported by mothers, linked to late initiation of breastfeeding, also needs the medical community's attention.
RESEARCH
Breastfeeding is optimal for health and development over the life course, including for infants exposed to HIV. [1] Exclusive breastfeeding (EBF) for the first 6 months is the best nutritional start for all infants, given the right conditions. [2, 3] However, mothers need to work around practical challenges and negotiate individual, familial, community (including health settings) and societal factors to select a feeding option (or feeding options) that best fits with their lives. [4, 5] The 2011 Tshwane Declaration for the Promotion of Breastfeeding in South Africa (hereafter, Declaration) [6] is considered the turning point for breastfeeding in South Africa (SA). [7] The Declaration altered SA's programme to eliminate mother-to-child transmission of HIV, firstly by dismantling the free formula programme in public facilities for HIV-positive mothers, and secondly by requiring healthcare workers to promote EBF only, rather than EBF or exclusive formula feeding (EFF). The Declaration therefore transformed a longstanding programme in the public healthcare system and shifted the balance of feeding options for HIV-positive mothers. SA's latest EBF estimate of 32%, [8] although below the 37% average for lowand middle-income countries, [1] is well above the rates of <10% documented between 1998 and 2011. [7, 9, 10] We hypothesised that the higher EBF rates following the Declaration were associated with high early breastfeeding initiation practices and increased support from healthcare workers. We also believed that SA's HIV epidemic would influence feeding patterns according to HIV status. As conceptualised in Fig. 1 , we also measured factors, including those within the healthcare setting, that the literature has shown to influence infant feeding practices, [5] focusing on an HIV-endemic community where infant formula was previously provided. To test our hypothesis, we compared the profiles of HIV-positive and negative mothers, and explored detailed measures of infant feeding, stratified by infant age. Finally, we tested associations with current EBF through multivariate analysis.
Methods
We conducted a quantitative cross-sectional survey of 298 HIVpositive and negative mothers with infants <6 months of age who accessed community health clinics (CHCs) in Soweto, southwestern Johannesburg, between September 2015 and April 2016.
Study setting
The study was conducted in one health subdistrict of Soweto, serving a population of 1.3 million. Study participants were recruited from five CHCs, where primary healthcare was provided free of charge; each averaged between 50 and 100 new pregnancy bookings per month. [11] The CHCs from which we recruited had antenatal clinic HIV rates of ~30%, consistent with city-wide and national estimates of prevalence. [12] The phase-out of infant formula had been completed before the end of 2012.
Ethical considerations
The study protocol received ethics approval from 
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consent and data collection were managed by two female research assistants (RAs) who had previous research experience and were residents of Soweto. Both were trained in the protocol by the first author prior to data collection. The RAs' ability to speak a mixture of local languages, including isiZulu, Setswana and Sepedi, and their familiarity with the community enabled participants to seek clarification during the screening and consent processes as well as during data collection. All raw data were managed and stored securely by the first author.
Population and sampling
The study population for the questionnaire interviews comprised any mother of a singleton infant accessing public health facilities in the study area. Mothers had to be aged ≥18 years with known HIV status, and the infants had to be aged ≤6 months at the time of data collection, which took place at a different time to screening.
The study applied a quota sampling approach, seeking 50 mothers in each of six groups (Table 1 ). Our primary interest was in comparing feeding practices among HIV-positive mothers after the Declaration, segmented by infant ages: younger (<12 weeks) and older (12 -36 weeks). We wanted sufficient HIV-positive mothers who were formula-feeding or breastfeeding to identify differentiating factors, and to compare them with HIV-negative mothers of infants in both age categories.
Data collection
The RAs screened eligible participants at the five facilities, approaching mothers in the postnatal, Integrated Management of Childhood Illness, Expanded Programme on Immunisation and labour wards. Of the 968 eligible mothers identified, 303 selfreported that they were HIV-positive. Of those, 51.0% reported that their primary feeding method was breastfeeding and the remaining 49.0% reported formula feeding. HIV-negative mothers were not asked their feeding method. After screening, only 862 mothers (89.0%) could be reached telephonically for an appointment. Of these, 55 were ineligible because their infants were too old or they had moved. A further 36 refused. The RAs booked appointments with all other women according to availability and based on quota targets. Interviews continued until quota targets were reached. In all, 310 questionnaires were completed. Twelve were discarded because the infant was >6 months old, leaving 298 ( Fig. 2) .
The structured questionnaire consisted of five sections: sociodemographic infor-mation, initiation of infant feeding, current infant feeding, current health status of mother and infant, and sources of infant feeding information. The two infant feeding sections comprised questions developed by the WHO, [13] some of which were adapted to better reflect locally available food. Further amendments were made in the first week to correct skip patterns. These data were retained, as the RAs caught the mistakes. The RAs interviewed participants using paper-based questionnaires. Most interviews took place in a private room at the study office, with a minority conducted in mothers' homes. Interviews took on average 20 minutes to complete after the consent process.
Data management and analysis
The RAs captured and managed data on the REDCap (Research Electronic Data Capture) electronic data capture tool hosted at the University of the Witwatersrand. The first author monitored this for quality assurance. Discrepancies were checked against the original questionnaires. Data were uploaded into Stata version 13 (StataCorp, USA) for data cleaning, transformation of variables and analysis by the first author.
Feeding outcome measures were calculated both over the infant's lifetime and as a current feeding measure of 24-hour recall recommended by the WHO. [14] Lifetime measures included ever breastfeeding, time to initiation and transformed variables of EBF, predominant breastfeeding, EFF, and mixed feeding, using WHO definitions. [13] Current feeding measures included EBF, predominant breastfeeding, EFF and mixed feeding over the past 24-hour period, using a detailed tool. Mothers were also asked about the main modality of feeding (breast, bottle, cup or spoon).
Guided by the conceptual framework, individual, group and social-level variables were considered. Individual variables for mothers included age, parity, self-reported HIV status, relationship status, employment and media habits, such as where the mother obtained information about breastfeeding, 
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mobile phone habits and most trusted sources of information. The infant's age and sex were also captured. Clinic-related indicators included early initiation of breastfeeding, reasons if not, and whether healthcare workers had supported mothers. For households, we captured the household size, availability of refrigeration, use of a communal tap, and support for breastfeeding. Community support for breastfeeding was also captured as a response item. Government social welfare was captured through the Child Support Grant programme. Nationality was recorded, as discriminatory policies and practices against migrants have been noted. [15] Participants also were asked about breastfeeding promotion in relation to media. Descriptive analysis was conducted on all outcome, explanatory and confounding variables, followed by bivariate analysis to shortlist variables for inclusion in regression analysis, using t-test, χ 2 and Wald test statistics, with a cut-off of p<0.20. To address potential confounding, we tested for collinearity prior to developing multivariate logistic models for EBF. The selection of variables for the models was based on bivariate analysis as well as theory. Key constructs supported by the literature were forced into the model, such as breastfeeding support and HIV status, even if they did not meet the cut-off. We used forward logistic regression to construct the models based on a theoretical approach and tested for interaction effects, resulting in three models.
Results
Mothers were recruited into the study based on their self-reported HIV status and feeding practices. A total of 298 mothers completed interviews for analysis (Table 1) . Table 2 presents mothers' sociodemographic characteristics and exposure to breastfeeding promotion. This was a population of mothers accessing CHCs who came from vulnerable backgrounds. Although nearly all owned a mobile phone, three-quarters were unemployed, and over half accessed child grants and relied on communal taps for drinking water. Of the unemployed, only 13 (4.4%) were students. Most women lived in households averaging 4.5 individuals, yet only 40.3% lived with the father of their child. Most were South African. Markers of socioeconomic vulnerability persisted across groups. Antiretroviral (ARV) use among the HIVpositive population (not shown) was high, with 99.5% of those who responded (n=191) reporting current ARV use. This did not differ by feeding practice.
Differences between HIV-positive and HIV-negative mothers were limited. HIV-positive mothers were significantly older than their HIV-negative counterparts, possibly owing to the sampling strategy, which required HIV disclosure. Consistent with their older age, they were also more likely to be multiparous (82.7%) than those who were not infected (60.8%). Finally, they were significantly more likely to rely on communal taps (62.2%) than their HIV-negative counterparts (48.0%).
Main feeding content was also a source of differentiation. Formulafeeding mothers were significantly more likely to be employed (35.6%) than their breastfeeding counterparts (16.3%). For HIVnegative mothers, those who were formula feeding were significantly less likely to access water from a communal tap. Aligned with their higher employment, the HIV-negative formula-feeding mother group was wealthier than the three other groups. Table 2 also highlights whether women had ever received breastfeeding promotion messages on their mobile phone, whether they had any support to breastfeed (N=228), and their most trusted source of breastfeeding information (if any; N=253). Of the 98 mothers who reported receiving information on their phones, 87.8% reported their source as MomConnect, which is sponsored by the National Department of Health. Healthcare workers and family also provided direct breastfeeding support and were named as trusted sources of information, with 81% of women citing either nurses or other hospital staff as their most important source of information.
Infant feeding practices were explored by infant age, with the exception of ever breastfeeding and breastfeeding initiation ( Table 3 ). The proportion of infants ever breastfed was 76.5%; this includes 28.9% of HIV-positive women electing to formula feed who reported ever feeding their infants breastmilk. For mothers who breastfed, only 58.4% achieved early initiation. In a pooled analysis of breastfeeding initiation (not shown), 22.0% of those who delayed initiation reported that this was due to delivering via caesarean section (CS). The same proportion reported that their infants had been taken to an intensive care unit. Over 10% said they were not given their baby immediately, and another 10% reported that their infants were premature (it was unclear whether their infants had trouble latching or they were not given their infants). Another cause for delayed initiation was 'milk not coming in' . Other reasons were that either the mother or the infant was sleeping.
Eligible mothers N=968
Not traceable after screening, n=106
Reached telephonically n=862
• Ineligible (age or moved), n=55 • Refused to participate, n=36
Eligible to interview using quota sampling n=771
Interviewed n=310
• Excluded (age ineligibility), n=12
Questionnaires n=298 Fig. 2 . Mother participation flow diagram.
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Mothers were asked what their infant had ingested during her or his lifetime as a multiple-choice question early in their interview. The rate of lifetime EBF was 44.0% for younger infants and 31.8% for older infants. For EFF the proportion was also higher for younger infants. Mixed feeding, conversely, increased with infant age, with a corresponding increase in bottle use for older infants. Unlike current feeding, the lifetime mixed-feeding measure was unable to show whether breastmilk and formula were given concurrently or mothers had shifted from one to the other during the infant's life. The rate of predominant breastfeeding was relatively low regardless of infant age. Highly significant differences by HIV status and feeding type followed expected trends given the sampling strategy employed. Current feeding practices, based on a 24-hour recall, allowed us to measure mixed feeding (Table 3) . Current EBF and EFF rates were higher than the lifetime measures, again with mixed feeding increasing with infant age. The rate of exclusive feeding, especially EFF but also EBF, was greater among the HIV-positive mothers.
Bivariate analysis was conducted for both 24-hour and lifetime measures of EBF to determine which variables to include in regression models, using a cut-off of p<0.20. The infant's age, unemployment, accessing a child grant, mobile phone ownership, main breastfeeding supporter and most trusted source of breastfeeding information were significant. Early initiation of breastfeeding and parity met the significance cut-offs for lifetime EBF only, but were retained in the model for theoretical reasons. HIV status, relationship status and the presence of breastfeeding support were also retained for theoretical reasons.
All logistic regression models were adjusted for infant age. Model 1 included individual sociodemographic variables, including HIV status (N=298). Unemployed mothers had nearly double the odds (1.88, 95% CI 1.03 -3.44) of exclusively breastfeeding compared with those who were employed. No other individual-level factors were significant in model 1 ( Table 4 ).
HIV status in the first model was insignificant, but it was highly significant in the subsequent models. Mothers who had never breastfed were excluded from model 2, reducing the sample size (N=228). When the behaviour of early initiation of breastfeeding was added to the logistic regression (model 2), employment became insignificant, and EBF was associated with being HIV-positive and receiving a child grant. The model's explanation of variance more than doubled to 0.118. In model 3, the participants' main breastfeeding support was added. In this final model, HIV status was the only factor that was retained as significant. There was no interaction between HIV status and early initiation of breastfeeding.
Discussion
This study reconfirms the trend of EBF increasing in Soweto. The measures of 44.0% EBF for infants aged <3 months and 31.8% for infants aged 3 -6 months are in keeping with the national statistics of 32.0%, [8] though lower that the EBF rate of 68.0% in the Soweto study. [10] The reason for the other study's higher EBF rate could be the sampling method (convenience v. quota), sample size (N=100 v. N=298), or how infant feeding was measured. We used the recommended WHO EBF measure. [13, 14] The sociodemographic characteristics of the two study populations were similar. Both studies reported high ARV use among HIV-positive mothers in Soweto: 99.5% for this study and 87.9% of postpartum mothers in the previous study. [10] This is in line with the 92.1% ART initiation rate reported by the government for Gauteng Only those who reported one or more sources of breastfeeding information were asked about their most trusted source.
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Province [16] and bodes well for reduced HIV transmission, even with slight lapses in exclusive feeding. [3] Other SA studies have also observed that HIV-positive mothers have higher odds of maintaining EBF than their HIV-negative counterparts, [11, 17] probably because of fears of HIV transmission. [11, 17] Exclusive feeding practices among HIV-positive mothers have been attributed to intensive prevention of mother-to-child transmission counselling over the past decade, [17] but with the result that in RESEARCH some cases exclusive feeding is perceived as an (involuntary) HIV disclosure. [18, 19] EBF needs to be reframed as a child development issue. While the fear of transmission is an important factor that needs to be addressed in counselling HIV-positive mothers, [20] researchers have already shown that fear is insufficient to maintain breastfeeding exclusivity. [21] Furthermore, >70.0% of the mothers accessing clinics are not HIV-positive. Factors such as having supportive family environments to adopt clinical advice need much more attention [22] for overall EBF promotion.
Mixed feeding increased in all groups as infants grew older, as one would expect with pressures for mothers to return to work and older infants beginning to show interest in food. Predominant feeding was lower than we expected. Despite evidence of the benefits of EBF for all infants, [1] this has not been matched by messaging around the risks of mixed feeding beyond HIV transmission. The pressures mothers face to mixed-feed in SA are well documented and multifaceted, [7, 20] and a clearer communication strategy, particularly for HIV-negative mothers, is needed to persuade them of the benefits of EBF and/or the risks of mixed feeding for their infants.
The importance of the healthcare system in promoting infant feeding practices was highlighted in this study. Consistent with other SA studies, [7, 23] healthcare workers were trusted sources of support and key information sources. In addition, the health system connected mothers to mobile information through MomConnect, [24] and many women gained information from this source. Although mobile messages were not reported as mothers' first source of information, they still play a reinforcing role.
This study also highlighted how efforts to reduce CSs may have a positive impact on EBF. Specifically, breastfeeding initiation is a critical period for the establishment of breastfeeding. [25] Delayed initiation reduces the likelihood of EBF, and it is also associated with higher rates of neonatal mortality. [26] As such, it is highly concerning that >40.0% of mothers in this study initiated breastfeeding after >1 hour. Of these women, nearly a quarter attributed this to a CS. These rates seem realistic, with another study reporting a 21.5% CS rate in public facilities; [25] for mothers covered by private medical schemes the rate is over 70%. [27] The WHO target for CSs is <15%, [25] which would make a focus on CSs in line with global standards. To further support an argument to focus on CSs and breastfeeding initiation, the inclusion of early initiation into our regression model altered our study findings, suggesting that this is a key behavioural factor to support EBF.
We took care during interviews to make participants comfortable to speak freely. Nevertheless, the risk of social desirability influencing how mothers answered due to the place of recruitment, identity of interviewers or administration of the interview cannot be discounted. Infant feeding was self-reported. While this is the standard for most infant feeding studies, including those we compare our results with, discrepancies between self-reported and biologically confirmed breastfeeding have been noted. [28] We addressed potential confounding by testing for collinearity and controlling for confounders and interactions in regression models.
The use of quota sampling may have introduced an element of sampling bias, although the RAs varied the times and days they visited clinics and circulated between all the wards to reduce other forms of selection bias. We intentionally oversampled HIV-positive mothers given our interest in the policy's impact on this population in terms of feeding practices. All descriptive tables were disaggregated to highlight these nuances; disaggregation also supports tailored interventions. Quota sampling reflected community practices and most sociodemographic characteristics of our sample were shared across groups. Fewer than 4.0% of eligible mothers refused to participate when contacted to book an appointment. We have presented our conclusions to reflect our use of non-parametric sampling, which limits our ability to generalise findings.
Conclusions
Despite breastfeeding increases, neither HIV-positive nor HIVnegative women have fully embraced EBF, to the detriment of infants and mothers. As a nation that has struggled to meet infant mortality and morbidity targets, SA cannot afford to ignore the arguments to promote EBF. [7] Infants who are exclusively breastfed have a 12% lower risk of dying than those who have not breastfed. [29] Beyond increased mortality, EBF also confers a number of health and development benefits, such as reducing diarrhoeal and respiratory illnesses in the short term and higher intelligence in the longer term. [1] EBF is also associated with reduced breast cancer risk for mothers. [1] To support EBF, we recommend that communication place greater emphasis on the developmental and health benefits of EBF [1] and the risks of mixed feeding for all. In particular, these messages should be emphasised to nurses and frontline health practitioners through training, given how much mothers value them, and supplemented by communication from health providers to mothers, such as MomConnect. Communities also need to be engaged with these messages through mass media. Mothers also need other sectors' support and commitment, e.g. labour, for more supportive breastfeeding environments. In conclusion, we recommend multi level responses that focus on improving the health setting, community and workplace environments to improve EBF uptake in SA to optimise infant growth and development. [4, 5] Acknowledgements. We acknowledge the contribution of the research co-ordinator/assistant Molebogeng Motlhatlhedi and assistant Deborah Makobe for their support in recruitment, consent, data collection and data capture. We thank Dr Juliana Kagura for support with assisting with early exploration of the data. We would also like to thank the Consortium for 
